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I. INTRODUCTION 
Corn (Zea mavs L.) and soybean (Glycine max [L.] Merr.) are the 
primary row crops in many midwestern states in the U.S., and therefore, 
much of the research on crop rotation has included corn following 
soybean. In the 1950's and the 1960's, researchers believed that 
rotations were not necessary since maximum corn yields then averaged 
about the same regardless of the cropping system. It was not until the 
early 1970's that yield advantages due to rotations were being 
reported. By the end of the decade, a non-nitrogen soybean effect on 
the following corn crop was also substantially documented. 
The reason for the yield advantage of rotations is still speculative, 
and there is still little specific information on the precise nature of 
residual effects. It is not known if the depression in maximum yields 
under continuous com is a cultural, physical or biological phenomenon, 
or a combination of these. Differences in soil nutrients, soil moisture, 
diseases, insects, weeds, and soil physical properties have all been 
considered to be responsible for this effect. Any favorable effect of 
rotation is apparently due to physical or chemical changes in the soil 
brought about by rotations, or to biotic factors (weeds, diseases, insects) 
in or on the soil. There is also general agreement that the roots of 
plants growing in the soil play a major role in these yield differences. 
In previous work done with the soybean-corn rotation, there has 
never been an evaluation of the potentially different effects of soybean 
varieties on following corn yields. The variability in the type of growth, 
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N 2-fixation rates, and dry matter production of different soybean 
cultivars possibly could influence the performance of the following corn 
crop. Different beneficial effects on subsequent corn would help the 
producers in choosing a particular soybean variety not only in terms of 
its yield but also for its positive effect on the following com crop. 
Therefore, the main objectives of this study were to: 
(i) evaluate the nitrogen and "rotation" effects of diverse soybean 
varieties and genetic types on the yield of a subsequent corn crop 
and, 
(ii) to compare the performance of corn following corn vs. com 
following soybean. 
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II. LITERATURE REVIEW 
A. Crop Rotations 
The ability of legumes to fix N2 has been exploited by farmers for 
centuries. The Romans knew that growing legumes improved the 
productivity of the soil. Before the advent of fertilizers in the U.S., 
legumes had always been included in the crop rotational schemes of 
farms. It was important to include legumes not only for their ability to 
fix N2 but also to feed the farm animals. The main deficiency in the 
diet for the animals was lysine for fattening pigs, and this amino acid is 
low in corn grain but high in soybean meal. Soybean is the number one 
cash and export crop in the U.S., with acreage increasing at a rapid and 
steady pace especially since the early 1940s (George, 1982). 
By the 1950s and 1960s, researchers began to question the 
necessity of crop rotations (Benson, 1985). In a 5-year study from 
1956 to 1960, Shrader et al. (1962) obtained an average of 6271 kg of 
corn per hectare for a fertilized crop. Since maximum com yields 
averaged about the same regardless of cropping system, they concluded 
that rotations were not essential for maintaining corn yields. In a later 
study, Shrader (1968) determined that about equally high yields of corn 
could be produced in cropping systems ranging from continuous corn to 
corn following three or more years of meadow, providing that sufficient, 
properly balanced fertilizer was used, and that weeds, insects, and soil 
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erosion were controlled. It has been reported that there was up to 13% 
more water runoff and about 40% more soil erosion with corn following 
soybean than with corn following corn (Laflen and Moldenhauer, 1982). 
This is due to the fact that corn produces five times as much above-
ground stover as soybean, and therefore, provides greater soil 
protection after harvest than does soybean residue (Welch, 1984). 
Continuous corn appeared to be feasible on land where erosion was not 
a problem or could be controlled by mechanical practices, such as 
terracing or contouring (Shrader et al., 1962). 
1. Yield advantage of crop rotations 
By the early 1970's, yield advantages due to rotations were being 
reported. The same researcher who established no yield benefit of 
rotated corn now found that corn yields averaged 500 to 630 kilograms 
per hectare (kg/ha) higher in the soybean-corn system than in the 
continuous corn system, even at higher rates of N fertilization (Shrader 
and Voss, 1972). This agrees with the results of other researchers who 
have similarly recorded this observation (Table 1). In general, com 
after corn yields less than com after soybean regardless of the rate of N 
fertilization and when all other factors are treated alike. An average 
yield reduction for com following corn versus corn following some other 
crop would be 10%, with a 5% to 15% range being typical (Benson, 
1985). 
Table 1. Some studies on the differences in yield of corn after corn vs. com after soybean 
Author(s) C-C® SB-Ca 
Yield Yield 
Yield 
Diff. 
% Increase N Rate Used Remarks 
Anderson, 
1989 
Baldock 
et al., 1981 
Binford & 
Blackmer, 1989 
Classen & 
Kissel, 1984 
Crookston 
et al., 1988 
Crookston, 
1991 
Cruse et al., 
1985 
Hicks & 
Peterson, 1981 
Nafziger 
et al., 1984 
( k g / h a )  ( k g / h a )  
8966 10032 
6646 
7273 
1830 
5950 
4950 
7400 
7148 
7336 
8339 
2430 
7670 
5350 
8150 
8088 
( k g / h a )  ( % )  
1066 12% 
690 
1066 
600 
1720 
400 
750 
940 
10% 
15% 
33% 
29% 
8% 
10% 
13% 
(kg N/ha) 
Recommended 
336 kg N/ha 
7461 9092 1631 22% 
0 kg N/ha 
Recommended 
Recommended 
200 kg N/ha 
Recommended 
90 kg N/ha 
2-year average 
10-year average 
10 diff. N rates averaged over N rates 
& over 2 years 
3-year average 
averaged over 3 years 
& 2 locations 
drought conditions in 
2 locations 
9-year average 
Averaged over years, 
locations, & diff. 
corn hybrids 
4-year average 
Shrader & 
Webb. 1970 
Shrader & 
Voss, 1972 
Slife, 1976 
Tripplett, 
1976 
Voss & 
Shrader, 1984 
Welch, 
1984 
4389 5518 1129 
6897 7461 564 
7775 8339 564 
6834 7900 1066 
7273 7900 627 
7276 7966 690 
26% 0 kg N/ha 
8% 135 kg N/ha 
7% Recommended 
16% Recommended 
9% Several N rates 
10% 360 kg N/ha 
10-year average 
averaged over 2 
locations 
averaged over diff. 
herbicide treatments 
averaged over soil 
type, tillage, N rates, 
& location 
averaged over years, 
locations, & N rates 
8-year average 
OS 
^C-C refers to com following com; SB-C refers to com following soybean. 
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Aside from the yield advantage, corn following soybean was also 
determined to have higher N concentration in the leaf than continuous 
com fertilized with 45 kg N/ha (Shrader and Voss, 1972), and the 
increase in corn leaf N resulted from rotation with soybean as well as 
from fertilizer N (Classen and Kissel, 1984). Crookston et al. (1991) 
observed that corn plant dry weight was affected by rotation/cropping 
sequence when their continuous corn showed lower dry weights at 
silking which persisted until maturity. Sarobol (1986) found that corn 
after soybean attained silking earlier than continuous corn . Corn 
following soybean also shows greater root growth (Martin, et al., 1989). 
A plant that can produce a larger root surface, while reducing root 
requirements for energy and nutrients, could increase above-ground 
production (Roder et al., 1989). Where soils are low in fertility, a more 
extensive root system will be able to absorb more nutrients, and this 
may increase yield especially in years with moisture stress (Barber, 
1986). This is in agreement with the observations by Benson (1985) 
that corn after corn sometimes shows signs of greater water stress, as 
though their root systems were inadequate. 
Reports with sorghum (Sorghum bicolor [L.] Moench.) are similar; 
rotation with soybean also increases sorghum grain yield (Bagayoko et 
al., 1989). A 1600 to 3100 kg/ha yield increase has been observed 
from grain sorghum rotated with soybean, compared with continuous 
sorghum when no N was applied (Classen and Kissel, 1984). In a 
separate study, Hanson et al. (1988) determined that, at the optimum N 
rate, sorghum following soybean outyielded continuous sorghum by a 
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range of 492 to 900 kg/ha. A more comprehensive study done by 
Gakale and Clegg (1987) showed that grain sorghum following soybean 
yielded 85% more than continuous grain sorghum also when no 
fertilizer N was applied. Their results suggest that rotation with 
soybean resulted in more rapid early growth of the sorghum crop and 
this early growth probably was related to N uptake. 
As with corn, sorghum tissue N concentrations were substantially 
lower for continuous sorghum than for sorghum in rotation when 
fertilizer was not applied, and tissue N was also consistently lower for 
continuous sorghum when averaged over fertilizer levels (Gakale and 
Clegg, 1987). The rotation sorghum contained 23% more N than 
continuously grown sorghum. The observed increase in grain protein of 
sorghum following soybean is also an important attribute of rotation for 
farmers who intend to use their grain for feeding livestock (Hanson et 
al., 1988). The sorghum rotated with soybean also flowered 6.1 days 
earlier than did continuously grown sorghum when fertilizer N was 
omitted and, when averaged across N levels, sorghum in rotation 
flowered 2 days earlier (Gakale and Clegg, 1987). 
Bagayoko et al. (1989) noted that the beneficial effects of rotating 
sorghum with soybean were still present 2 years after the last soybean 
crop. This was observed previously in com by Cruse et al. (1985) when 
they established that there was a "memory" effect of the legume during 
the following 2 to 3 years of corn. There is a trend downward in corn 
yields as the frequency of corn in a rotation is increased (Voss and 
Shrader, 1984). The second- and third-year corn yields in a continuous 
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corn system were lower sequentially than first-year corn yields (Cruse 
et al., 1985). Yields for first-year corn were greater than 6270 kg/ha 
and yields from 2 or more years were slightly less mostly because of 
improper rootworm control (Shrader and Webb, 1970). Meese and 
Oplinger (1988) found that first-year corn emerged earlier, had greater 
early growth, and lower harvest moisture than continuous corn. These 
could be the reasons for yields of first-year corn being greater than 
yields of subsequent years of corn, particularly continuous corn, 
regardless of the amount of N furnished (Voss and Shrader, 1979). 
2. Cultivar and species differences in rotational effects 
a. Potential soybean cultivar differences The variability in the 
type of growth, N2-fixation rates and dry matter production of different 
soybean cultivars could potentially influence the performance of the 
following corn crop. The vegetative tissues of the soybean crop can be a 
source of N for subsequent crops (Hanway and Weber, 1971). 
Therefore, due to the differences in plant size and growth, it is possible 
that early-maturing and full-season soybean lines will differ in their 
potential N contribution to following com (Loberg et al., 1984), as would 
varieties known to fix large amounts of nitrogen vs. those known to fix 
less. In a study to assess the effect of soybean varieties with varying 
maturity on subsequent corn, Anderson (1989) found the highest corn 
yields following the full-season soybean. Hare or, compared with McCall 
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and Bragg. This may be due more to N contribution than any other 
factor since Granato et al. (1983) did not find any differences in the 
allelochemicals leached by five different soybean varieties representing 
determinate, indeterminate or semideterminate growth habits, as well 
as Maturity Groups II, III, and IV. 
Modulating plants contribute a significant amount of fixed N2 
directly to the soil surroundings (Burton et al., 1983); and late-maturing 
cultivars fix more N2 than early-maturing cultivars (Patterson and 
LaRue, 1983). Sarobol (1986) determined that full-season soybean 
enhanced corn yield by 10% compared with continuous corn. Early 
planting results in greatest dry matter and N content, increasing the 
inorganic N concentration the following spring (Koerner and Power, 
1989). Therefore, selection of cultivars for rapid emergence after 
planting, rapid leaf area expansion, high productivity, and maturation 
before the end of the growing season would favor the highest N2 
fixation (Heichel, 1987). Although early-maturing cultivars have less 
time to fix N2 than later-maturing cultivars, Patterson and LaRue 
(1989) found that within a maturity group, there is little variation in 
N2-fixing activity. Using Harosoy-63 and Corsoy, both Maturity Group 
II cultivars, they observed these cultivars to reach maximum acetylene 
reduction (ARA) rates of 23 and 21 micromoles C2H2/plant/h 79 days 
after planting (DAP), whereas for later-maturing cultivars, ARA rates 
began to increase rapidly 69 DAP. The non-nodulated Harosoy cultivar 
had ARA rates of less than 0.2 micromole C2H2/plant/h. 
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b. Species differences Species vary greatly in their residual 
effects on another species. Corn yield the next year increases as the 
quantity of legume N returned to the soil increases (Koerner and Power, 
1989). High N levels from legume residues correlate well with higher 
com yields (Hoyt, 1989). The nodules and plant residues are eventually 
decomposed to become a source of mineralizable N either directly from 
the plant organic matter or from microbial biomass (Burton et al,, 1983). 
Exudates from nodulated legumes are known to be richer in N, e.g., 
amino acids, than exudates from non-nodulated plants, with the 
exudates from nodulated soybean having a C:N ratio of 10 (Jensen and 
Sorensen, 1988). The level of C and N from decomposing legumes may 
influence growth and yield of succeeding non-leguminous crops 
(Sheldon et al., 1989). Subsequent corn potentially could benefit from a 
gradual mineralization of organic N compounds because a more constant 
supply of N could be available than when inorganic N fertilizer is the 
sole source of N (Burton et al., 1983). In a study comparing various 
legume crops, soybean and hairy vetch (Vicia villosa L.) were found to 
be superior in growth, N content, and effects on corn production the 
next year (Koerner and Power, 1989). Exudates poor in N from non-
nodulated plants, however, could immobilize soil N during their 
microbial decomposition and cause a reduced plant uptake of N (Jensen 
and Sorensen, 1988). 
Legume materials of higher C:N ratios (e.g., weathered surface 
litter) could be anticipated also to release lower proportions of their N 
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for uptake by subsequent crops (Ladd et al., 1986). Alfalfa (Medicaeo 
sativa L.) and red clover (Trifolium pratense L.) leaves, however, were 
found to release more N (Sheldon et al., 1989) and alfalfa cultivars and 
harvest systems affected the yield of a subsequent corn crop, with the 
cultivars having more total N incorporated in their tissues resulting in 
higher following corn yields (Hesterman et al., 1986). The lignin 
concentration and C:N ratio may affect N availability to subsequent 
crops and explain differences between yields (Bruulsema and Christie, 
1987). They also found significant variation in plow down N yield 
among cultivars of alfalfa and red clover, but no corresponding 
difference in next year's corn yield or N concentration. In their review 
of literature, they mentioned another study in Ontario that also showed 
no significant correlation between N yield of 48 red clover entries and 
succeeding corn yield. 
3. Importance of rotation research 
Corn and soybean are the primary row crops in many midwestern 
states in the U.S., and therefore, much of the research on rotation has 
included corn following soybean (Welch, 1984). There has been an 
increase in the proportion of corn acreage receiving optimum to 
excessive amounts of N fertilizers (Stanford, 1973). High N application 
decreases soil pH, and nitrates will leach into the ground water and 
contaminate household and livestock water coming from shallow wells 
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(Shrader et al., 1962). Rotations may act as a buffer in reducing the 
hazards of groundwater NO3--N pollution (Walters and Shapiro, 1989). 
The primary value of legumes in the N economy of legume-cereal 
rotations is to maintain or increase the concentrations of organic N, as 
opposed to leachable mineral N, in soils to ensure an adequate delivery 
of N for cereal growth (Ladd et al., 1986). The beneficial effect of forage 
legumes on subsequent corn yields appears to be due primarily to their 
residual N rather than to a crop sequence or rotation effect (Fox and 
Piekielek, 1988). However, the preceeding crop can have other effects 
on corn yields besides the effect of N availability (Nafziger et al., 1984). 
Yield-enhancing effects not directly associated with the N contribution 
are referred to as rotation effects (Hesterman et al., 1987). 
There is little specific information available on the precise nature 
of residual effects (Schmid et al., 1987). It is not known if the 
depression in maximum yields under continuous corn is a cultural, 
physical or biological phenomenon, or a combination of these (Voss and 
Shrader, 1984). The rotation effect may be due to allelopathic effects of 
corn or to carry-over of fixed N from the soybean (El-Hout and 
Blackmer, 1989). Cruse et al. (1985) believe that the main effect of the 
previous crop is not due to microclimate modification by above-ground 
plant residues. Instead, the effect is in the soil where the crop is grown. 
Any favorable effect of rotation apparently is due to physical or 
chemical changes in the soil brought about by rotations, or to biotic 
factors (weeds, diseases, insects) in or on the soil (Welch, 1984). 
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Also, mechanisms of legume-nonlegume N transfer are still poorly 
understood (Heichel, 1987). The underground transfer process may not 
be a simple plant-soil microflora-plant transfer but may be a more 
complex multicomponent process (Haystead and Marriot, 1979). Crop 
recovery of legume N is held to be large, but non-N rotation effects 
stimulate yields by unknown mechanisms (Heichel, 1987). Welch 
(1984) has the opinion that differences in yields of rotation vs. 
monoculture may be due to some growth factor and that the effect may 
even be due to a combination of growth factors rather than to only a 
single factor. On the other hand, Crookston et al. (1988) believe that the 
rotation effect is not due to some lingering positive effect of the 
previous crop, but rather an alternate crop apparently serves to relieve 
"negative effects" of continuous cropping, and does not make any 
positive, growth-regulatory contribution to the yield of a following crop. 
Whatever the reason, the accelerated development of a crop resulting 
from rotation could be advantageous in final yields, especially if 
uncontrollable weather phenomena such as an early freeze or cool fall 
nights that slow maturity should occur (Gakale and Clegg, 1987). 
Methods are needed to discern between N and rotation effects at 
any rate of applied N (Russelle et al., 1987). Although there is no 
universal explanation for the rotation effect (Crookston et al., 1991), it 
would be a good idea to divide the total effects of legumes on 
subsequent crop yields into two categories: (i) the effect of the N they 
supply; and (ii) the net effect of all other contributions (Baldock et al., 
1981). Included in N effects are all impacts of the cropping sequence on 
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soil and crop residue N mineralization; indirect effects on N absorption 
by the nonlegume roots, for example, increased soil aeration; altered 
fertilizer N availability; and others (Russelle et al., 1987). Knowledge of 
rotation effects is essential not only in measuring these effects but also 
in reducing energy use and pollution potential (Baldock et al., 1981). 
Excessive N application to a crop following soybean could result in 
significant N losses with deleterious environmental effects. It is, 
therefore, important to develop improved procedures for achieving 
optimum fertilizer N use (i.e., adequate but not excessive rates, and 
proper timing for greater efficiency) consistent with the goal of 
minimizing the possibility of environmental pollution (Stanford, 1973). 
Yield reductions are also possible since in 3 of 6 years, yield reductions 
were experienced from the higher N application to the sorghum 
following soybean (Hanson et al., 1988). Also, without the 
understanding of the magnitude of rotation effects, little progress in 
rotation improvement can be expected (Russelle et al., 1987). Welch 
(1984) asserted that even though rotations may increase the yield of a 
particular species, as compared with monoculture, the economic value of 
other crops may be less than if only one species is grown in 
monoculture. He believes that the importance of determining the cause 
of the beneficial effect of rotations is that one can decide if management 
can produce the same desirable effect without growing the less 
economical crop in rotation. Then, scientists can make reliable 
improvements in crop management systems (Russelle et al., 1987). 
1 6  
B. N Effects 
1. N equivalence of legumes in rotation 
The most important factor influencing crop yields following 
legumes is N (Haynes and Thatcher, 1955; Fox and Piekielik, 1988). 
Schmid et al., (1987) established that N was the most important single 
factor affecting the yields of com and wheat (Triticum aestivum L.) 
following meadows and soybean. N recovery determined by isotopic 
methods was significantly higher for corn in rotation vs. corn in 
monoculture (Varvel and Peterson, 1990). Short-term studies on N2 
fixation using the l^N-diiution technique have also shown that up to 
60% of the total N content of the following plants was contributed by 
the legume-N. 
Most estimates of the legume-N contribution in rotations have 
been made by • the fertilizer-N replacement value (Hesterman et al., 
1987). The N fertilizer equivalent of a legume preceding a nonlegume is 
traditionally measured as the rate of N fertilizer application to a cereal 
or grass that gives a grain yield equivalent to that obtained with the 
cereal or grass following a legume (Heichel, 1987; Shrader et al., 1962; 
S brader, 1973; Hesterman et al., 1987; Russelle et al., 1987). This 
method assumes that increased nonlegume yield is solely due to the 
legume-N contribution and that fertilizer-N and residual-N are equally 
available (Hesterman et al., 1987). Studies that attempt to assess 
replacement of fertilizer-N by legumes should be cautiously interpreted, 
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since there is no distinction between the N accrued by symbiotic 
fixation and the turn-over of the soil-derived N that comprises the 
balance of the legume-N diet (Heichel and Barnes, 1983). The net N 
returned to the soil is very important to crops that follow legumes in 
rotation (Hunt et al., 1985). However, regardless of the amount of N in 
the legume crop, only that N2 fixed by the plant and returned to the soil 
represents a net N addition to ameliorate the export of soil N in the crop 
product (Heichel, 1987). 
A good legume meadow plowed under before corn is as effective 
as about 135 to 168 kg N/ha in increasing com yields (Shrader, 1968). 
The effect of one year of a legume on first year corn was equivalent to 
112-135 kg N applied annually on continuous corn (Shrader et al., 
1962). In general, legume plowdown supported corn yields equivalent 
to those achieved with 90 to 125 kg/ha of fertilizer N in the studies of 
Bruulsema and Christie (1987). Properly managed forage legumes in 
the best of circumstances may replace 25 to 50% of N needs of current, 
high-yielding cropping systems (Heichel and Barnes, 1983). Table 2 
shows the N equivalence of some commonly grown forage legumes and 
some estimates for soybean. 
The soybean is the most important cash crop among legumes in 
North America, and its N2 fixation has received more attention than 
other crops (LaRue and Patterson, 1981). Power et al. (1986) reported 
that almost all N in soybean residues is mineralized and available for a 
following crop. Shrader and Voss (1972) have credited the soybean 
crop with supplying 34-56 kg N/ha to following corn. As shown in 
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Table 2, soybean generally has lower N equivalence when compared 
with forage legumes. However, rates of N fertilization required to attain 
a given yield of com usually are still less for corn after soybean than 
com after corn (El-Hout and Blackmer, 1989). 
Soybean in rotation influenced soil NO3--N levels significantly and 
increased soil NOg'-N levels in the 150 cm soil profile more than did 
continuous sorghum (Bagayoko et al., 1969). Accounting for residual N 
from soybean when rotating to grain sorghum or corn can result in 
significant savings in fertilizer N inputs, since generally, the average 
fertilizer N credit attributed to soybean is about 94 kg N/ha (Hanson et 
al., 1988). Except when soil N is low, the average fixation by soybean in 
American agriculture is 75 kg N/ha (LaRue and Patterson, 1981). 
Since the preceding forage legume leaves a lot of N for the 
subsequent nonlegume crop, there is usually no response to N fertilizer 
by the following crop. Asghari and Hanson (1984) did not obtain a 
response to N fertilizer with corn for 3 years when planted after an 
alfalfa crop was incorporated. Similar observations were made by 
several researchers (Schmid et al., 1987; Nafziger et al., 1984; Voss and 
Shrader, 1984; Classen and Kissel, 1984; Fox and Piekielik, 1988) 
because the meadow apparently furnished adequate N (Shrader and 
Webb, 1970). This carry-over effect from one season to the next also 
demonstrates that the grass production would reflect legume production 
in the preceding season (Haystead and Marriot, 1979) and that the 
response to fertilizer N by corn following a forage legume is primarily a 
function of the yield of the legume (Voss and Shrader, 1984). In a corn-
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Table 2. Comparison of the N equivalence of various forage legumes 
and soybean 
Species Author(s) N Equivalent Remarks 
(kg N/ha) 
Alfalfa Fox & Piekielik, 1988 187 3-year total 
Heichel, 1984 160-177 seeding year 
Heichel, 1984 224 final year of 
4-year stand 
Hesterman et al., 1986 35-305 seeding year 
Birdsfoot 
Trefoil^ 
Fox & Piekielik, 1988 169 3-year total 
Red Clover Fox & Piekielik, 1988 147 3-year total 
Subterranean 
Cloverb 
Jones et al., 1977 290 3-year total 
SweetcloverC LaRue & Patterson, 1981 140 10-year ave. 
Vetch LaRue & Patterson, 1981 184 10-year ave. 
Soybean Binford & Blackmer,1989 137 ave. over 
locations 
Classen & Kissel, 1984 135 1 year 
Gakale & Clegg, 1987 50-60 1 year 
Heichel & Barnes, 1983 90-140 diff. 
locations 
Nafziger et al., 1984 73 4-year ave. 
Shrader & Voss, 1972 30-50 2 locations 
Weber, 1966 37 1 year 
^Lotus -çorpjçulatws L. 
^Trifoilium subterraneum L. 
CMelilotus alba Med. 
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oats-meadow rotation, a tonne increase in hay yield was associated with 
a 690 kg increase in following corn yield (Shrader, 1973). When a grain 
legume like soybean precedes a nonlegume like com in a rotation, the 
soybean supplies to the corn about 1 kg/ha of N for every 60 kg/ha of 
beans harvested, and even greater N returns may be possible (Heichel 
and Barnes, 1983). Earlier, Shrader and Voss (1972) got similar values 
when they calculated that each bushel (25 kg) of soybean harvested 
gave an average response on com equivalent to about 1.5 lbs (0.7 kg) of 
N. They revised this in a later study when they established that the 
rotational effect of soybean is equivalent to an estimated 16.7 kg 
N/tonne of grain produced per hectare (1 lb N/bu soybeans/A) to the 
following corn crop (Voss and Shrader, 1984). 
The amount or availability of residual N from a legume to 
subsequent crops may vary with the soil (Hanson et al., 1988), the 
season and fertilizer treatment (Shrader et al., 1962), the quantity of 
legume residue returned to the soil by tillage or other transfer 
mechanisms, and the content/availability of symbiotically fixed N2 in 
the residues (Heichel, 1987). For example, the apparent soybean N 
credits and rotation effects were found to differ markedly among soils 
(Andrashi et al., 1989). It is possible that much of the released N could 
remain in plant organic matter or in the soil microflora over winter, 
depending on the rate at which temperatures fall and mineralization 
slows (Haystead and Marriot, 1979). Microbial populations in soil 
rapidly metabolize and alter water-soluble nitrogenous materials, such 
as amino acids (Alexander, 1977). As plants develop, exudation by 
2 1  
diffusion declines and transfer of organic nutrients via decomposition of 
microbial tissues becomes more important (Wetselaar and Farquhar, 
1980) since there is a rapid increase in rhizosphere soil bacteria 
following defoliation of legumes (Haystead and Marriot, 1979). 
Generally, interspecies N transfer occurs through mineralization of root 
exudates or sloughed-off of dead nodules during the season (Heichel 
and Barnes, 1983). Despite the emphasis on root and nodule 
degradation, other mechanisms of N transfer may include stolon decay 
in some forage legumes, abscission of leaves and petioles, loss of leaves 
to pests or pathogens, or death of individual legume parts (Heichel, 
1987). The greater N gains with plots sown with legumes may be due 
partly to the decomposition of legume top materials of low C:N ratio. 
(Ladd et al., 1986). 
Where a legume is present, a fairly high percentage (ca 27%) of 
residual fertilizer N is observed to be in mineralizable components 
(Azam et al., 1986). Therefore, organic amendments not only conserve 
added N but also maintain a fairly rich pool of labile N through 
microbial metabolism. However, mineralized N and excess fertilizer N 
are subject to winter and spring leaching (Francis and Schepers, 1989), 
with a greater potential for NO3- loss due to leaching in well-drained 
soils (Hesterman et al., 1986). Even unfertilized plots can enter the 
winter months with much higher levels of residual N than during the 
growing season because of fall mineralization (Francis and Schepers, 
1989). But soils with residual legumes show more gain in N either 
because of more efficient N2 fixation or N concentration (Azam et al.. 
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1986). Both forage and grain legume conservation of soil N typically 
occurs in environments where precipitation leaches mineralized N 
below the rooting zone of crops or even to the water table, and in this 
case, the legume functions as a trap crop for N conservation (Heichel, 
1987). The N compounds may be bound to mineral lattices, cation 
exchange complexes, and rhizosphere mucigel aggregates (Vancura and 
Hanzlikova, 1972). It may be that the amount, form, or position in the 
profile of "readily" available organic N left by legumes is available in a 
temporal way (over a longer period) to the following corn crop which 
allows greater yield than that possible with fertilizer N alone (Anderson 
et al., 1989). 
2. Effect of water stress 
Carlson (1990) identified two weather variables associated with 
stressful summer conditions and lower-than-normal corn yields: (i) one 
variable is the accumulation of daily temperatures above SO^C, which is 
considered an optimum temperature for com growth, and (ii) soil water 
available to the corn plant in the top 1.5 m of soil. Differences in yield 
of corn due to previous crop are greater if moisture or temperature 
stresses occur during July and August (Benson, 1985). Yield advantages 
for either crop or variety rotation have been greatest in low-yielding or 
stress environments (Hicks and Peterson, 1981). There is greater yield 
reduction for com following corn in dry years (Randall, 1978), and the 
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greater stress shown by corn after corn is probably due to inadequate 
root systems (Benson, 1985). Especially with heavy early rains, root 
systems were observed to be restricted to shallower depths as 
compared with moderate early rain (Prasad et al., 1989). However, 
with low levels of precipitation during the 3 to 4 weeks prior to 
midsilking, root growth in the fertile top soil may be reduced and plants 
may suffer from lack of sufficient nutrients even though there is 
adequate moisture in the subsoil (Barber, 1986). Therefore, reduced 
root growth due to previous corn and moisture stress, compounded by 
reduced organic matter mineralization due to dry soils, could partly 
account for the poorer performance of corn after corn as opposed to 
corn following soybean. 
C. Non-Nitrogen Effects 
1. Allelopathy 
In the field environment, plant roots excrete many chemicals and 
also, during the decay of plant residues in the soil, many other 
chemicals are released (Anderson et al., 1989). Differential action 
comprising both inhibitory and stimulatory relationships would be 
expected in the field depending on the amount and type of 
allelochemicals, and the test species (Bhowmilk and Doll, 1982). 
Kalantari (1981) collected soil from soybean fields in the fall and found 
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that chloroform extracts of these soils were stimulatory to corn seedling 
growth, and no chemicals were found to be inhibitory to corn. Soil 
samples from continuous corn ground, however, were most toxic to corn 
seedlings (Garcia, 1983), whereas residues of annual weed species 
reduced both corn and soybean growth (Bhowmilk and Doll, 1982). 
Accelerating soil erosion from crop land has stimulated interest in 
using surface crop residues for erosion control, but high residue levels 
in the vicinity of the seedling root may have negative impacts on 
seedling growth (Yakle and Cruse, 1983). No-till corn yields are less 
than tilled corn yields, especially for continuous corn as compared with 
com after soybean (Karlen, 1989). Stubble mulch farming has 
occasionally resulted in reduced crop growth and may be due to the 
detrimental influence of organic constituents from plant residues on 
crop growth (Guenzi and McCalla, 1966). Also, com stover left on the 
surface under no-till conditions affects soil temperature and soil drying 
in the spring, which may affect planting date, seedling growth rate, and 
grain yield of corn (Crookston, 1984). 
Crooks ton and Kurle (1989) believe that the corn-soybean rotation 
effect should not be attributed to beneficial or negative effects of 
above-ground residue. But Yakle and Cruse (1983) found that fresh 
com residues reduced root and shoot weights of corn seedlings and that 
the effects were most notable when the roots came into direct contact 
with a residue layer. The majority of toxic material was confined to the 
decomposing residue and was not in the surrounding soil (Patrick et al., 
1963). Chou and Patrick (1976) allowed residues from corn and rye 
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(Secale cereale L.) plants to decompose in soil, and they then 
determined the identity of some of the compounds produced as well as 
their relative phytotoxicity to lettuce (Lactuca sativa L.) seed and 
seedlings. In their lettuce seed bioassay, most of the compounds from 
corn and rye decomposition exhibited some phytotoxicity at 
concentrations of 25-100 ppm. 
Guenzi and McCalla (1962) showed that water extracts of a 
number of crop residues inhibited the germination and growth of 
sorghum, corn, and wheat in a laboratory experiment. Fourteen 
aqueous root extracts had a phytotoxic effect on germination and 
seedling length of 15 plant species (Lawrence and Kilcher, 1962). Le 
Tourneau et al. (1956) found water extracts from 23 common weed and 
crop species inhibited germination and growth of wheat seedlings. As 
extract concentration increased, there was a reduction in the radicle and 
coleoptile elongation and number of secondary roots of corn (Bhowmilk 
and Doll, 1982). Specifically, Stachan and Zimdahl (1978) observed that 
extracts of Canada thistle (Cirsium arvense L.) are more inhibitory to 
cucumber (Cucumis sativus L.) radicles than to hypocotyls. Phytotoxins 
lead to abnormal radicle, lack of root hairs, and necrosis of root tips 
with some compounds even suppressing seed germination (Chou and 
Patrick, (1976). Com pollen, at concentrations commonly present in soil, 
strongly inhibit growth of a number of plant species (Jimenez et al., 
1983). In general, water extracts from seeds had the least effect and 
the stems had the greatest inhibitory effect on wheat seedlings (Guenzi 
et al., 1967). The phytotoxicity of extracts is dependent mainly on the 
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amount of organic substrates decomposing in the soil (Chou and Patrick, 
1976), with phytotoxicity decreasing as the decomposition period is 
increased (Patrick et al., 1963). However, the phytotoxicity of water 
extracts from corn residues remained at a relatively high level during 
22 weeks of decomposition (Guenzi et al., 1967). Plant residues can 
potentially add enough allelochemicals to the soil that these could 
persist well into the growing season and thereby result in the observed 
com yield reductions (Bhowmilk and Doll, 1982). 
One class of compounds that occurs widely in plants and is 
phytotoxic at relatively low concentrations is the phenolic acids (Guenzi 
and McCalla, 1966). Many phenolic acids have been shown to be toxic 
to germination and growth (Varga and Koves, 1959). Phenolics 
represent one of the largest groups of allelochemicals, and various 
phenolic compounds inhibit cell division (Avers and Goodwin, 1956). 
Cell elongation may also be affected because many allelochemicals 
inhibit gibberellin and lAA induced growth (Tomaszewski and Thimann, 
1966). Guenzi and McCalla (1962) calculated that a total of 81 kg/ha of 
p-coumaric acid from 13,000 kg/ha of corn residues could be returned 
to the soil. Release of the acids in the vicinity of the decomposing 
residue might result in localized areas where the concentration could be 
sufficiently high to affect plant growth (Guenzi and McCalla, 1966). But 
allelochemicals released from residues may degrade or disappear more 
rapidly under aerobic conditions (Bhowmilk and Doll, 1982). Patrick 
(1971) noted that aqueous extracts of soil, in which residues of several 
plants were allowed to decompose under waterlogged conditions, were 
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considerably more phytotoxic than when similar residues were 
decomposed under low moisture levels. 
It is difficult to identify which of the allelochemicals might be 
associated with grain yield (Crookston, 1982), but there is an indication 
that the toxicity may come from the plant root system in the surface 15 
cm of soil (Garcia, 1983). Whatever the cause of yield differences, it can 
be certain that it is due to the roots of plants growing in the soil and is 
not primarily due to the residue of the plant tops left by the crops 
(Anderson, 1989). 
2. Effects on soil properties 
The effect of continuous corn on soil properties, and on the 
productive capacity of soils, has long been a matter of concern 
throughout the Com Belt (Hageman and Shradeï, 1979). The large 
amount of corn stover and N fertilizer with corn-corn systems can result 
in plants with an Al-induced Ca deficiency due to the lowering of the 
pH, which leads to reductions in yield (Morachan et al., 1972). 
Continuous cropping with com also has been found detrimental to 
earthworm populations (Logsdon and Ault, 1989). Continuous corn 
plots have lower surface soil organic matter and bulk density is higher 
(Voss and Shrader, 1979), as compared with rotated corn with less 
machinery travel and greater organic matter production (Hageman and 
Shrader, 1979). The soil is usually more loose and friable following 
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soybean than following com (Welch, 1984). Due to the greater crop 
residue, corn after com ground is often worked when it is wetter than 
soybean ground resulting in soil compaction that may restrict roots and 
be associated with greater N losses (Benson, 1985). Following soybean, 
the more loose soil would be expected to enhance aeration, which would 
lead to enhanced nutrient uptake and other growth processes (Welch, 
1984). Legumes in a rotation increase organic matter because of 
production of plant available N by the legume, causing increased plant 
growth and return of organic matter to the soil (Hageman and Shrader, 
1979). As soils lose organic matter, they tend to be more difficult to till 
since tillage equipment compacts the soil, and soils then tend to become 
more dense under corn than under meadow (Shrader et al., 1962). As 
soil organic matter increases, soil bulk density decreases; and therefore, 
penetration of roots increases and development of a better grade of 
crumb structure is enhanced; but if soil bulk density increases, 
decreases in yield due to a decrease in air permeability or nutrient 
uptake are very possible (Hageman and Shrader, 1979). 
Drainage problems also may not be as severe on land where a 
legume rotation is used as where continuous corn is grown (Shrader et 
al., 1962). Jordan et al. (1956) showed data that kudzu (Pueraria lobata 
Willd.) was effective in opening up compacted soil horizons allowing 
better root penetration of succeeding corn crops, lowering the bulk 
density of the upper 15 cm, and producing higher corn yields than 
continuous corn plots when adequate N, P, and K was applied to both. 
Therefore, the deep-rooted legumes may dry out the soil to greater 
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depths than do com roots, and decaying tap roots of legumes also 
furnish drainage channels for free water (Shrader et ai., 1962). But, in 
areas where moisture is frequently limiting, and because of their root 
system, a preceding alfalfa crop can reduce the yield of a following corn 
crop (Voss and Shrader, 1984). Soybean also uses as much water as 
com, and there may be a water problem for following corn especially 
where soil moisture reserves are low entering the growing season 
(Benson, 1985). Also, when any other nutrient is limiting, the forage 
legume does not provide sufficient N to maintain corn yields in the 
rotation (Voss and Shrader, 1984). If the previous corn crop was 
harvested for silage, it used up a lot of P, and soil P levels could 
decrease (George, 1982). This was observed in western Iowa where 
very low P levels resulted in extremely low yielding alfalfa that did not 
fix much N for the following com crop (Voss and Shrader, 1984). 
3. Pest/disease incidence 
Concentration of any crop is liable to stimulate the build-up of 
insects, diseases, and weed problems (Shrader, 1968). Plant soil 
pathogens are responsible for substantial reductions in yield (Abelson, 
1990). Stalk and especially root rots can be factors if they develop 
earlier in non-rotated corn in reaction to stress (Benson, 1985). In 
take-all (Gaeumannomvces graminis't of wheat, wheat yields in 
monoculture are lower for a few years (Cook, 1980) until strains of 
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Pseudomonas sp. produce phenazine-type antibiotics that are strong 
inhibitors of G. graminis (Abelson, 1990). When corn follows com and 
the crop residues are not incorporated into the soil, the probability that 
some diseases will develop increases since several corn pathogens 
survive from one com crop to the next on crop residue (Benson, 1985). 
Continuous corn also leads to the increased incidence of rootworms, but 
the Northern and Western types most especially can be controlled by 
crop rotation (George, 1982). Fall army worm attack on maize was also 
observed to be less in rotated com and therefore, could lead to a 
decreased number of insecticide applications (Francis et al., 1978). Crop 
rotation also permits variation in tillage and chemical practices making 
it difficult for a weed species to become intensive and persist in an area 
(George, 1982), although some herbicides have residual effects which 
may, under some conditions, persist for 2 or more years, thus leading to 
the restriction of certain types of rotations (Shrader, 1968). 
D. Summary 
The yield advantage of rotating corn with soybean has been 
extensively reported, with an average yield reduction for corn following 
corn vs. com following soybean of 10-15%. Aside from the difference in 
yield, rotated corn has been shown to have higher tissue N 
concentrations, earlier silking, and show a somewhat better state of 
health as opposed to continuous corn. There also may be a "memory" 
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effect of the soybean on the following corn crops with the beneficial 
effects still present 2 to 3 years after the last soybean crop. The yield 
difference has been attributed to several factors, with allelopathy being 
a major concern. Also, the yield depression is more severe under stress 
conditions, which has led researchers to speculate that the root system 
is of primary importance in rotation effects. 
Different forage species have been reported to make varying N 
contributions to the soil, and these also are higher than those estimated 
for soybean. The variability in the type of growth, N2-fixation rates, 
and dry matter production of different soybean cultivars could also 
potentially influence the performance of the following corn crop. 
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III. MATERIALS AND METHODS 
A. Overview 
The experiment was conducted in the Been Farm at the Iowa State 
University Agronomy and Agricultural Engineering Research Center 
near Ames, Iowa - 420N. The soil is a Nicollet loam. A 2-year cycle of 
a soybean-corn rotation was initiated in 1988 with the first year being 
planted to various soybean types, a corn plot, and an oat plot. The oats 
were cut after the heading stage and the residues left on the plots. This 
first year was then followed by a single corn hybrid in the second year 
with an additional factor of varying N levels. This cycle was repeated 
three times and the last com crop was harvested in the fall of 1991. 
The rotational scheme of this 4-year study is shown in Figure 1. As the 
corn crop was planted, the soybean crop of the next cycle was also 
planted in an adjacent area. The cultural practices and management of 
the field for each crop of each cycle are presented in Table 3. 
B. Soybean Crop (First Year of the Cycle) 
The first year of the cycle consisted of the 18 treatments listed in 
Table 4. These treatments were of different soybean types that 
included determinate, indeterminate, early-maturing, full-season, low-
yielding, and high-yielding varieties. Determinate varieties were 
included since these types are now starting to become available to 
YEAR 
Year of Cycle 
1 9 8 8  1 9 8 9  
1 s t  16 Soybean types Soybean 
1 Corn plot 2 Corn plots 
1 Oat plot 2 Oat plots 
2 n d  —  C o r n  
Figure 1, Rotational scheme of the 4-year experiment 
1 9 9 0  1 9 9 1  
S o y b e a n  
2 Corn plots 
2 Oat plots 
Corn 
w 
w 
Corn 
Table 3. 
Crop 
Cultural 
Year 
practices and management applied to each crop of each cycle 
Herbicides Used Planting Date Insecticide Fertilization Harvest 
Soybean 
Oat plots 
(in SB year) 
Com plots 
(in SB year) 
Com Crop 
1988 Ramrod 12 L/ha 
applied June 1 
1989 Dual 8E 3.5 L/ha 
applied May 23 
1990 Dual 8E 3.5 L/ha 
applied June 4 
1988 same as in SB '88 
1989 same as in SB '89 
1990 same as in SB '90 
1988 same as in SB '88 
1989 same as in SB '89 
1990 same as in SB '90 
1989 Dual 8E 2.5L/ha + 
Bladex 4L 3.5L/ha 
(applied May 3) 
1990 same as com '89 
(applied May 3) 
1 9 9 1  s a m e  a s  c o m  ' 8 9  
(applied May 9) 
May 27 
May 17 
June 4 
June 1 
May 18 
June 5 
May 27 
May 17 
June 4 
May 3 
May 3 
May 9 
Counter 15G 
1 kg a.i./ha 
(applied May 3) 
as in C'89 
(applied May 3) 
as in C'89 
(applied May 9) 
45 kg N/ha 
(applied June 30) 
45 kg N/ha 
(applied June 19) 
45 kg N/ha 
(applied June 29) 
4 N rates 
(applied June 6) 
4 N rates 
(applied June 25) 
4 N rates 
(appl i e d  J u n e  1 1 )  
Oct. 2 
Oct. 11 
Oct. 11 
July 29 
July 17 
Aug. 2 
Oct. 3 
Oct. 12 
Oct. 12 
Oct. 10 
Oct. 4 
Sept. 23 
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Table 4. List of treatments for the first year of the soybean-corn cycle 
Treatment No. 
1 Gnome 85 determinate, Hiyld^, Phytoph.b resist. 
2 Hoyt determinate, Hiyld 
3 Harosoy 63 Indetc., Medyldd Phytoph. resist. 
4 Har. L66-2470 Indet., Non-nodulated 
5 Corsoy 79 Indet., Hiyld, Phytoph. resist. 
6 Century 84 Indet., Hiyld, Phytoph. resist. 
7 SRF 150 Indet., Hiyld 
8 Elgin Indet., Hiyld 
9 Elgin 87 Indet., Hiyld, Phytoph. resist. 
10 Pride B216 Indet., Hiyld 
1 1 BSR 201 Indet., Hiyld, Brown stem rot resist. 
12 PI 297.545 Indet., Medyld 
13 PI 84.673 Indet., Lowyld® 
14 PI 68,439 Indet., Lowyld 
15 PI 88.355 Indet., Lowyld 
16 PI 92.592 Indet., Medyld 
17 Com Pioneer 3475 (Check) 
18 Oat Other crop 
^High-yielding 
bPhvtophthora megasperma 
^Indeterminate 
^Medium-yielding 
®Low-yielding 
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producers here in Iowa. Also, because of their growth type, 
determinate varieties may produce less vegetative mass that could be 
returned to the soil for the next year's corn crop. Early-maturing vs. 
full-season lines may affect the next crop differently in terms of 
different plant size and potential N contribution. Varieties with 
different yielding potentials may also have different effects on the 
following corn crop. 
The com hybrid (Pioneer 3475) used in the corn plots of this first 
year was also the same hybrid used for the corn crop in the second year 
of the cycle. The first-year com plots were fertilized with 45 kg N/ha 
using urea (46% N) as the fertilizer source. The fertilizer was applied at 
the V6 stage and incorporated with one pass of a cultivator, which 
coincided with the cultivation of the whole soybean field for weed 
control. This low rate of N fertilizer was used to avoid any N carry-over 
that may affect the evaluation of the next crop of corn. These com plots 
allowed for the simulation of the corn following corn treatments in the 
second year. In the first cycle of the experiment, there was only one 
corn plot and one oat plot per N treatment per replication. In the 
subsequent cycles, two plots were used and averaged per replication, to 
give a better estimate of the corn after com and corn after oat effect. 
The oat plots gave the effect of a crop other than soybean on 
subsequent corn. The oat plots were cut after the heading stage since 
dry weight and P content are already three-fourths maximum at this 
stage. More importantly, oat contains the maximum amount of N and K 
when headed and the level of N remains at this level up to maturity. 
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These treatments were arranged in a Randomized Complete Block 
design with sixteen replications in the field (Figure 2). The soybean was 
seeded at a rate of 345,800 plants/ha. A plot consisted of four rows (75 
cm rows) 9 meters long. The com plots were of the same size and 
seeded at 54340 plants/ha. The oat plots had the same dimensions but 
were instead broadcast on the surface and slightly covered by manual 
raking. 
The experimental area had one pass of fall disking and two passes 
of field cultivation prior to planting, with the second pass incorporating 
the pre-plant herbicides. The field was kept essentially weed-free by 
the pre-plant herbicides, spot spraying with Round-Up, one pass of the 
cultivator, and supplemental hand-weeding. Soybean and corn 
harvesting was done by a plot combine and the yield was determined 
only from the two inner rows of each four-row plot. Yield was adjusted 
to 13% moisture content. 
Parameters measured throughout the soybean crop season are 
listed in Table 5. At R5, a one-meter segment of an inner row in a plot 
was sampled for dry matter yield. Plots sampled were only those plots 
that would be 0 N plots in the following year. These plants were cut at 
the soil surface and weighed. Three randomly selected plants from this 
one-meter sample were used to calculate % dry matter, ground and 
analyzed for %N determination using the microKjeldahl method of 
Bremner and Breitenbeck (1983). 
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Figure 2. Illustration of 1 replication in the soybean crop field 
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Table 5. Parameters collected in the field from each soybean crop 
Date Collected 
Parameter Soybean '88 Soybean '89 Soybean '90 
Days to R5 
Dry Matter yield 
and % 
Days to R7 
Yield 
August 2 
August 2 
August 8 
August 8 
August 11 
August 11 
September 5 September 15 September 11 
October 2 October 11 October 11 
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C. Com Crop (Second Year of the Cycle) 
In the second year of the cycle, the whole field was planted 
uniformly to only a single corn hybrid (Pioneer 3475). This was the 
same hybrid planted in the com plots of the first year of the cycle. This 
hybrid is a mid-season, commonly grown, hybrid suitable to the area. 
The crop was overseeded at planting and later thinned to 54340 
plants/ha. Counter 15G at a rate of 1 kg a.i./ha was applied at planting 
to prevent rootworm infestation. Plots consisted of four 75-cm rows, 9 
meters long; the same plot size as that of the previous year. An 
additional factor of varying N fertility rates was included in this second 
year: 0, 80, 160, and 240 kg N/ha. The N source used was urea (46% N). 
These N rates were applied broadcast in late spring when the plants 
were at the V6 stage and incorporated by cultivation. The field was 
arranged as a split-plot in RCB with the previous year's treatments as 
the subplots and the N rates as the main plots. There was a total of four 
replications for the second year (Figure 3). 
A no-till system was followed except when the fertilizer N was 
incorporated with one pass of a cultivator in late spring. The field was 
also kept weed-free as much as possible with the use of pre-plant 
herbicides and supplemental hand-weeding. Harvesting was done by 
the Massey-Ferguson combine and yield was determined only from the 
inner two rows. Seed yield was adjusted to 15.5% moisture content. 
Parameters measured throughout the corn crop season are listed 
in Table 6. Soil samples were collected from the 0 N plots only for 
0 
2 b  5  1 7  1  1  8  6  1 8  1 5  4  3  
1 6 0  
N 
1 8  8  7  1  1  9  1 7  1  2  5  1 4  2  
1 4  1 2  9  7  1 8  1 6  1 7  1  1 3  1 0  3  1 0  1 3  4  1  1 5  1 7  1 8  1 6  6  
8 0 
N 
3  4  1 5  1 8  6  8  1  1  1 7  5  2  
2 4 0  
N  
6  1 8  1 5  4  3  1 6  1 7  1  1 3  1 0  
1 0  1 3  1  1 7  1 6  1 8  7  9  1 2  1 4  2  5  1 7  1  1  8  1 4  1 2  9  7  1 8  
^nitrogen level, kg/ha 
btreaiment numbers 
Figure 3. Illustration of 1 replication in the corn crop field 
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Table 6. Parameters collected in the field from each corn crop 
Date Collected 
Parameter Corn 1989 Corn 1990 Corn 1991 
Soil NO3-
Days to 75% Silk 
Plant Height 
Stalk Diameter 
Stalk NO3-
% Lodging 
June 6 
June 13-25 
June 10 
June 21-26 
September 12 September 6 
September 12 September 6 
September 26 
October 2 
June 7-18 
August 29 
August 29 
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determining late spring soil NO3" levels according to the procedure 
developed by Keeney and Nelson (1982). Soils were collected from the 
upper 30-cm layer with the use of a soil probe. Ten cores were taken 
from each plot sampled and the soil was mixed, dried, ground, and 
analyzed for soil NO3- using the Lachet Continuous Flow Analyzer. Stalk 
samples were also collected for stalk NO3" content from all the plots but 
were sampled just before harvest according to the procedures of Keeney 
and Nelson (1982) and Bremner and Mulvaney (1982). Ten randomly 
selected plants from the inner rows of each plot were cut at 15 cm from 
the soil surface. The resulting 20 cm segments of stalks were dried and 
the samples from each plot were ground and mixed together to make 
one sample from each plot. These were then extracted in 2N KCl and 
analyzed for stalk NO3" content by use of the Lachet Continuous Flow 
Analyzer. 
D. Subsequent Cycles 
The subsequent cycles were treated as similarly as possible to the 
first cycle. Stalk NO3- levels were measured only in the first corn crop 
(1989) while soil NO3" levels were measured only in 1989 and 1990 
but not in the succeeding corn crops. Lodging was observed only in 
1989 when a storm occurred that was serious enough to entail collection 
of this trait. 
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E. Climatological Information 
Precipitation amounts and distribution, as well as the prevailing 
temperature during the growing season, are presented in Table 7. 
F. Statistical Analyses 
Analyses of data was done with the use of SAS (SAS Institute) and 
SuperAnova (Abacus Concepts). 
Table. 7. Mean air temperature and precipitation from the 1988 through 1991 growing seasons at 
the Iowa State University Agronomy Research Center, Boone Co., Iowa 
Month 
Year May June July Aug. Sept. 
Mean air temperature. OC 
Normal 16.2 21.2 23.3 22.1 17.5 
1988 19.7 23.7 24.3 24.6 18.9 
1989 16.1 20.2 23.7 21.7 16.3 
1990 14.3 21.6 22.5 22.4 19.9 
1991 18.3 23.2 23.2 21.8 17.4 
Precipitation, cm Total 
Normal 11.46 13.13 9.70 9.83 8.51 52.63 
1988 4.37 5.38 8.48 15.16 8.48 41.87 
1989 12.90 9.02 6.07 4.32 10.56 42.87 
1990 21.39 21.34 19.23 10.69 5.82 78.47 
1991 12.98 10.79 4.34 9.12 6.09 43.32 
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IV. RESULTS 
A. The Soybean Crop 
An analysis of variance for the soybean crop determined that 
soybean lines differed significantly for all the traits measured. Years 
also were highly significant, as expected, due primarily to the amounts 
and distribution of precipitation received by each crop (Table 7). Also, 
lines varied in performance from year-to-year as indicated by a 
significant year by lines interaction. However, this did not affect the 
expected trend in yield performance of these lines; i.e. the lines selected 
for high yield (treatments 1,2, and 5 through 11) yielded high, as 
compared with the lines selected for their lower productivity 
(treatments 13, 14, and 15), with the non-nodulating line (4) having the 
lowest yield among the sixteen different lines tested (Table 8 and 
Figure 4). Lines 3, 12, and 16 were considered as medium-yielders and 
performed as such. The determinate varieties (treatments 1, 2) did not 
differ significantly from the indeterminate lines. No diseases were 
observed on these crops. 
The poor yield of the non-nodulating line, which was dependent 
upon soil N as its sole source, undoubtedly was caused by poor nitrogen 
nutrition. By the Kjeldhal method, the non-nodulating line had the 
lowest percentage N in its vegetative tissues and consequently the 
lowest vegetative N content on a g/m^ basis (Table 8). Non-nodulating 
plants were, in fact, chlorotic compared with nodulating lines (Figure 5). 
Table 8. Performance of the different soybean lines averaged over three years 
Treatment Seed Vegetative N Yield Duration of Time Time 
Yield Seedfill to R5 toR7 
t/ha g/m2 % days days days 
1 Gnome 85^ 2.37 fgb 13.7 bcde 3.17 cdefg 39.7 f 99.2 bcde 138.8 e 
2 Hoyt^ 2.48 h 13.3 bcde 3.40 g 38.9 ef 96.8 a 135.7 cde 
3 Harosoy 1.95 d 14.3 cde 3.07 bcde 31.2 ab 98.7 abed 129.9 a 
4 Har. 166-2470^ 1.23 a 7.9 a 2.09 a 30.7 a 99.5 bcde 130.2 a 
5 Corsoy 79^ 2.34 f 15.0 e 3.18 cdefg 33.1 abed 97.7 ab 130.8 ab 
6 Century 84^ 2.37 fg 14.6 de 3.33 fg 39.7 f 98.8 abed 138.4 e 
7 SRF 150% 2.21 e 13.9 bcde 3.22 defg 31.3 abc 98.2 abe 129.6 a 
8 Hgin^ 2.36 fg 12.8 bed 3.17 cdefg 35.9 de 99.7 bcde 135.6 cde 
9 Elgin 87= 2.51 h 14.6 de 3.17 cdefg 37.8 ef 99.3 bcde 137.2 de 
10 Pride 8216^ 2.46 gh 14.3 cde 3.19 cdefg 32.9 abed 100.7 de 133.6 be 
11 BSR 201% 2.49 h 13.9 bcde 3.13 cdef 34.0 bed 100.8 e 134.8 cd 
12 PI 297.545c 2.15 e 14.5 cde 2.94 be 34.4 cd 99.7 bcde 134.1 cd 
13 PI 84.673G 1.66 b 12.2 b 3.25 efg 34.2 bed 100.4 de 134.7 cd 
14 PI 68.439e 1.83 c 12.7 be 2.88 b 33.2 abed 99.2 bcde 132.4 abe 
15 PI 88.355e 1.73 b 13.2 bed 2.99 bed 33.5 abed 101.1 e 134.6 cd 
16 PI 92.592C 1.91 cd 12.8 bed 3.08 bedef 34.1 bed 99.8 cde 133.8 be 
LSD (0.05) 0.10 1.82 0.25 3.15 2.07 3.31 
''Means followed by the same letter are not significantly different at the 5% level of significance. 
%igh-yielding line 
«^Medium-yielding line 
^non-nodulating line 
Glow-yielding line 
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Figure 4. Average yield of various soybean lines for 3 years 
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Figure 5. Chlorotic non-nodulating soybean plants beside darker 
colored nodulating soybean 
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Nitrogen carryover for the different lines was not computed since it was 
not known how much nitrogen was assimilated after R5.5, or how much 
remained in the roots and nodules. Power et al. (1986) reported that 
almost all the nitrogen in soybean residues is mineralized and available 
for the following crop. However, a late spring soil NO3" test was 
conducted in the following year to give this estimate. This is discussed 
in more detail in a subsequent section. 
Even though there were no real differences among the lines in the 
number of days to attain R5, the non-nodulating line was one of the 
earliest to attain R7, which resulted in it having the shortest duration of 
seedfill (Table 8). This short period may have contributed to its low 
yield. 
B. The Com Crop 
The analyses of variance for yield and other traits (Table 9) show 
that year, nitrogen, and treatment were all highly significant. As with 
the soybean crop, year as a source of variation was expected to be 
different, again due to the precipitation differences that each crop 
received (Table 7). The year by treatment interaction was also 
significant, which means that some of the treatments were affected 
more by the differences among the years and, hence, did not perform 
consistently over the years. However, the overall trend of corn 
following soybean being superior to corn after corn was affirmed. 
Table 9. Mean squares for com yield and some corn agronomic traits 
Source df Seed Days to Plant Stalk 
Yield 75% silk height diameter 
Year 2 168683218.0** 11185.6** 350998.1** 15.2** 
Rep(Yr) 9 4915661.0** 20.4** 2807.4** 0.2** 
N 3 338074285.0 ** 169.6** 3384.0** 5.7** 
Yr X N 6 84229795.4 ** 11.5 1561.9** 0.3** 
Rep X N(Yr) 27 4699555.0** 8.0** 202.4** 0.1** 
Trt 17 6689629.5 ** 50.5** 133.7** 0.3** 
nod-C vs. C-C® 1 72774240.6 ** 
oats-C vs. C-C*' 1 59315647.4 ** 
nonnod-C vs. C-C® 1 24302346.3 ** 
BSR201-C vs. C-C^ 1 86910390.6 ** 
Yr X Trt 34 2022644.4 * 2.4 150.9** 0.1** 
Rep X Trt(Yr) 153 1266664.0 1.5 63.5 0.03* 
N X Trt 51 1581891.0 1.3 66.4 0.03* 
Yr X N X Trt 102 1241806.0 1.6 79.9 0.02 
^corn after nodulated soybean vs. com after com. 
''com after oats vs. com after com. 
®com after non-nodulated soybean vs. com after com. 
''com after BSR201 soybean vs. com after com. 
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The N by treatment interaction was not significant indicating that 
treatments performed consistently with respect to nitrogen level. A 
more comprehensive discussion of the nitrogen and treatment effects is 
presented subsequently. 
1. The nitrogen effect 
Figure 6 demonstrates that, with the exception of 1989, as 
nitrogen application was increased, the general performance of the crop 
improved. However, this improvement tends to diminish with 
increasing nitrogen, which is the typical plant response with additional 
increments of nitrogen. For all the traits, the zero N treatment resulted 
in the poorest performance (Table 10). The low yield of the zero-N 
treatment was associated with shorter and thinner plants, which is an 
indication that these plants were in a poorer state of health compared 
with nitrogen-treated corn. Over years, yield of the zero-N treatment 
was only about 7 tonnes/ha with the first increment of nitrogen giving 
a 2 tonne/ha increase, but additional increases in N showed a smaller 
response with only half a tonne/ha increase between 160 kg N/ha and 
240 kg N/ha. 
This was supported by the values for stalk NO3" determined at the 
black-layer stage. No differences were observed among treatments for 
this trait, but values varied significantly between nitrogen levels. 
Stalks from unfertilized plots had only 0.09 g of NO3" per kg of plant 
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Figure 6. Individual year and 3-year average yields of com under varying 
N levels, averaged for all previous crops 
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Table 10. Nitrogen effect on com yield and some agronomic traits, 
averaged for 3 years and all previous crops 
N level Yield Time to Stalk diam. Plant ht. 
75% Silk 
(kg/ha) (kg/ha) days (cm) (cm) 
0 7231 78.5 2.46 174.4 
80 9431 77.1 2.67 177.8 
160 9580 76.8 2.79 180.1 
240 10032 76.5 2.82 183.8 
LSD(0.05) 428.0 0.56 0.06 2.81 
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tissue (Table 11), much below the range of 0.25 - 1.8 g of NO3" per kg of 
tissue considered to reflect optimum availability of N (Binford et al., 
1989). The application of 80 kg N/ha and 160 kg N/ha brought the 
stalk NO3- values to 0.34 and 1.89 g/kg, respectively. These values fit 
very well with the suggested range for stalk NOg" levels and therefore, 
justify the application of these nitrogen rates to the crop. 
In 1989, a wind storm hit the experimental area which caused 
some of the plants to lodge. Although there were no effects of previous 
crop on the number of plants that lodged, differences due to N level 
were highly significant. Any addition of nitrogen to the corn crop 
strengthened stalks (Table 10) and fewer plants lodged (Table 11). 
Plants without nitrogen took two days longer to reach 15% silk as 
opposed to the highest N-treated plants (Table 10). A silking delay is a 
good indication that the plant was under some stress since the ear is a 
lateral branch and any stress will delay its rate of development. As 
nitrogen is added, silking was hastened. 
The significance of the year by nitrogen interactions shown in 
Table 9 likely are attributable to the different amounts of rainfall for 
each crop year. The total precipitation data shows that 1989 was a dry 
year as compared with 1990 and normal, and especially so in June, July, 
and August, the main growing months (Table 7). Also, 1989 did not 
show the typical quadratic response of yield with increasing N (Figure 
6). Instead, 160 kg N/ha caused a drop in yield, below the 80 kg N 
level, which was recovered by increasing the N level to 240 kg N/ha. 
Apparently, in a dry year, lower levels of nitrogen are sufficient to 
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Table 11. Means of stalk NO3- and % lodging for N levels in 1989, 
averaged for previous crops 
N level Stalk NO3- Lodging 
kg/ha g/kg % 
0 0.09 aa 26.5 a 
80 0.34 a 10.5 b 
160 1.89 b 4.1 b 
240 2.78 c 7.6 b 
LSD (0.05) 0.49 13.9 
^Means followed by the same letter are not significantly different at the 
5% level of significance. 
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attain highest yields. The 160 kg N level could have led to the 
production of excessive foliage, and in turn, to excessive transpiration. 
The resultant stress then could have reduced yields by making the 
plants more susceptible to pathogens and other stresses (Abelson, 
1990). Increasing the N level to 240 kg N/ha led to a yield recovery 
since there was more N available to balance the reproductive needs of 
the crop. In 1990 and 1991, yield followed the expected trend and the 
average for the 3 years exhibited the typical response curve. 
Table 7 also shows that 1990 was a very wet year compared with 
1989 and 1991. The extra amounts of moisture apparently led to this 
crop year having the highest yield (Table 12). Thompson (1969) 
suggested that above average July rainfall is one of the climatic factors 
that can increase com yield. The 1991 com crop had the lowest yield of 
the three crop years despite a higher precipitation total than 1989. 
These plants were observed to be significantly shorter and had smaller 
stalk diameters when compared with the plants of the two previous 
years. Com accumulates a lot of sucrose in its stalk which can be 
utilized by the ear during early grainfill (I.C. Anderson, Iowa State 
University, personal communication). Therefore, stalk diameter could 
be a reflection of the general health of the stalk to supply 
carbohydrates to the ear. Also, Table 7 shows that, although 1991 had 
more total moisture than 1989, it had only 4.34 cm of rain for July, 
which coincides with the critical stages of tasseling and silking. 
Temperature and precipitation have their greatest effect upon corn 
yield from 25 days before to 15 days after anthesis, and high 
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Table 12. Performance of corn for each crop year, averaged for previous 
crops 
Year Yield Time to 
75% silk 
Stalk diam. Plant ht. 
(kg/ha) days (cm) (cm) 
1989 931laa 77.4b 2.86a 180.2b 
1990 9683a 83.4a 2.77b 213.3a 
1991 8211b 70.9c 2.43c 143.5c 
LSD(0.05) 417.9 0.85 0.08 9.9 
^Means followed by the same letter are not significantly different at the 
5% level of significance. 
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temperatures may not have a detrimental effect on corn yield if 
sufficient moisture is available (Runge, 1968; Hendricks and Scholl, 
1943). During- the period before midsilk, soil water content in the upper 
20 cm of the profile affects significantly the root length density at 
midsilk (Kovar et al., 1989). Therefore, the presence or timing of 
moisture availability relative to critical stages of development is 
apparently more important than the total amount of rainfall that a crop 
receives. 
The mean temperatures for May and June in 1991 also were 
higher than for 1989 and 1990, and even for the normal temperatures 
for these months (Table 7). This could have exposed the crop to more 
heat units, which accelerated its development and resulted in smaller 
plants, thinner stalks, and even a shorter period of grainfill. The 1991 
com crop attained 75% silking significantly earlier than the two other 
crops (Table 12), and also matured earlier (Table 3) which is an 
indication of a faster rate of development. It is also probable that there 
were warmer nights in 1991, since increasing the night temperature by 
a few degrees without a change in the day temperature could lead to 
depressed yields, the reason for which is still unknown (I.C. Anderson, 
Iowa State University, personal communication). 
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2. Effects of previous crop 
The yield response of the corn crop varied significantly depending 
on treatment -i.e., previous crop (Tables 9 and 13). Non-orthogonal 
contrasts show that corn following corn (Treatment 17) yielded less 
than the rest of the treatments, and this response was consistent for the 
three years. Following nodulated soybeans, corn averaged 14%, about 
1.1 tonnes, greater yield; following oat, com yield was 17%, about 1.3 
tonnes, greater. The percentage increase in yield of corn after 
nodulated soybean or oat over that of corn following corn was greater in 
the dry years of 1989 and 1991. 
The depressed yields of com following com could be due partly to 
its poor performance in the other agronomic parameters measured 
(Table 14). These plants were significantly smaller than the rest both in 
terms of height and stalk diameter. Also, these plants were delayed in 
attaining 75% silking. When examined at each N level (Table 15), corn 
after corn plants took about 4 days longer to attain 75% silking, up to 5 
days when no fertilizer was applied. 
Corn after nodulated soybean performed better than corn 
following corn at each N level (Figure 7). However, the yield gap 
decreased with additional increments of nitrogen, which shows that N 
fertilizer alleviated some of the negative effects of com following itself. 
But even at the highest N level, 240 kg N/ha, there was a yield 
advantage from having soybean as the previous crop, and therefore, 
this benefit could be a consequence of the rotation effect. 
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Table 13. Effect of previous crop on com yield, kg/ha 
Previous Crop 1989* 1990b 1991» 3-year ave. 
1 Gnome 85® 9162 9509 8239 9078 
2 Hoytc 9287 9914 8254 9112 
3 Harosoy 63 9440 9535 7709 8909 
4 Har. L66-2470e 8589 9986 8039 8872 
5 Corsoy 79® 9812 9322 8299 9026 
6 Century 84® 9657 9727 8186 9253 
7 SRF 150® 9267 9453 8357 8992 
8 Elgin® 9471 9813 8455 9244 
9 Elgin 87® 8729 9638 8301 8867 
10 Pride B216® 9483 9071 8440 8993 
11 BSR 201® 10186  10829  8216  9769  
12 PI 297.545^ 9181 9535 8218 8973 
13 PI 84.673f 9367 9488 8581 9159 
14 PI 68.439f 9545 9561 8357 9178 
15 PI 88.355f 9346 9657 8608 9179 
16 PI 92.592d 9915 9684 8542 9332 
17 Corn Pioneer 3475 7783 9188 6499 7866 
18 Oat 9385 10399 8512 9438 
LSD (.05) 1111.7 625.0 524.2 453.9 
% increase over com after com: 
for com after nod. SB 17.7 
for com after oat 17.1 
4.8 
11.6 
21.9 
23.6 
13.9 
16.7 
®dry year 
''wet year 
^high-yielding soybean 
•^medium-yielding soybean 
®non-nodulating soybean 
^low-yielding soybean 
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Table 14. Effect of previous crop on some corn traits, average of 3 years 
data 
Previous Crop Time to 75% Stalk Diameter Plant height 
silk 
days cm cm 
1 76.9 bca 2.74 abc 180.8 abc 
2 76.7 c 2.67 de 179.3 abc 
3 76.8 be 2.72 abed 178.3 cde 
4 77.2 b 2.67 de 178.0 cde 
5 77.1 be 2.68 bede 180.4 abc 
6 77.2 be 2.71 abed 179.8 abc 
7 76.9 be 2.64 e 178.4 bede 
8 77.1 be 2.68 cde 178.9 abed 
9 77.0 be 2.71 abed 177.8 cde 
10 77.3 b 2.70 abede 175.9 de 
1 1 76.9 be 2.68 bede 179.5 abc 
12 76.7 c 2.66 de 179.1 abed 
13 77.0 be 2.75 a 179.6 abc 
14 76.9 be 2.71 abed 179.2 abc 
15 76.9 be 2.75 a 181.6 ab 
16 76.9 be 2.70 abede 178.8 abed 
17 81.3 a 2.42 f 175.2 e 
18 77.0 be 2.75 a 181.7 a 
LSD (0.05) 0.49 0.07 3.21 
^Means followed by the same letter are not significantly different at the 
5% level of significance. 
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Table 15. Effect of nitrogen on the number of days to 75% silking, 
average for 3 years 
N level Days to 75% Silk No. of Days Delay 
in Silking 
C-Ca SB-Cb 
(kg/ha) 
0 83.1 78.2 4.9 
80 81.0 76.8 4.2 
160 80.9 76.5 4.4 
240 80.2 76.3 3.9 
aCorn after corn. 
bCom after all soybean crops. 
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Figure 7. Yield performance of corn following corn vs. corn following 
nodulated soybean under varying N levels, average of 3 years 
data and for all nodulated varieties 
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Figure 8 demonstrates that corn after oat also performed better than 
corn after com at each N level, and followed the same trend as that of 
corn after soybean. But, the yield advantage at zero N is slightly higher 
following oat (2642 kg) compared with soybean (2182 kg). Since oat 
was always cut at the heading stage with the residues left on the soil 
surface, this treatment could have left more nitrogen in the soil for the 
following corn crop. N mineralization that occurred under oat would 
have been available to the corn. For both 1989 and 1990, soil NO3" was 
measured on the zero N plots in early June. Analyses of variance 
determined no significant differences between treatments, but the oat 
plot had the highest soil NO3- level for 1989 (Table 16). The soil NO3" 
data for these two years was not combined since the 1990 values are 
considered very low. As mentioned earlier, 1990 was a very wet year 
(Table 7), and since NO3" is a very mobile element, the excess rainfall 
evidently leached much of it away. This suggests that too much rain 
might invalidate the late-spring soil test for measuring soil NO3" levels, 
especially if the soil is sampled wet. The values measured for 1989 
were also below the optimium range of 20-25 ppm (Blackmer et al., 
1989) and therefore, the application of nitrogen fertilizer was 
warranted. 
When the yield performance of corn after the non-nodulating 
soybean was compared with corn following corn, the continuous com 
treatment again was inferior (Figure 9). However, at the zero N level, 
the yield difference between these two treatments was very narrow 
(only 868 kg). Since the non-nodulating soybean line did not fix 
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Figure 8. Yield performance of corn following corn vs. corn following 
oat under varying N levels, average of 3 years data 
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Table 16. Soil nitrate means for 1989 and 1990 
Treatment 1989 1990 
ppm 
1 7.68 abcda 2.02 ab 
2 7.80 abed 2.38 ab 
3 8.59 cd 2.75 b 
4 6.61 ab 2.08 ab 
5 9.34 d 2.08 ab 
6 8.05 abed 2.18 ab 
7 6.21 a 2.02 ab 
8 8.02 abed 1.78 a 
9 6.89 abc 2.20 ab 
10 6.45 ab 1.85 ab 
1 1 7.30 abc 2.38 ab 
12 8.36 bed 1.72 a 
13 8.08 abed 1.95 ab 
14 7.01 abc 2.35 ab 
15 6.99 abc 1.85 ab 
16 7.30 abc 1.70 a 
17 7.31 abc 1.60 a 
18 9.39 d 1.88 ab 
LSD (0.05) 1.95 0.92 
aMeans followed by the same letter are not significantly different at the 
5% level of significance. 
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Figure 9. Yield performance of corn following corn vs. corn after non-
nodulated soybean under varying N levels, average of 3 years 
data 
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nitrogen, its only source of nitrogen would be from the soil, which it 
apparently used since the soil NO3" levels of these plots were among the 
lowest (Treatment 4, Table 16). Corn stalk NO3" values, taken at 
physiological maturity, following the non-nodulating line also were 
lowest (Table 17), an indication of poorer N nutrition since stalk NO3" 
content measures excess N fertilization. Exudates and residues poor in 
nitrogen from non-nodulating plants could cause immobilization of soil 
N during their microbial decomposition and result in reduced plant 
uptake of nitrogen (Jensen and Sorensen, 1988). This could have 
likewise contributed to the very small yield difference between these 
two treatments at the zero N level. 
Com after BSR 201 soybean (Treatment 11) gave the highest yield 
among all the treatments in 2 of the 3 years, and was significantly 
greater for the 3 year average (Table 13). BSR 201 is a brown-stem-rot 
resistant, high-yielding, indeterminate, nodulating soybean variety. 
With the application of N fertilizer, the yield difference did not narrow 
as much as with other soybean lines (Figures 10 and 11). At zero N, the 
difference between corn after BSR 201 and com after com was 2961 kg 
while corn after the other nodulated soybean lines had an advantage of 
only 2182 kg. Even at 240 kg N/ha, the yield advantage was still 
substantial when compared to the effects of nodulated soybean. At this 
N level, com after nodulated soybean had a yield advantage of about 
500 kg/ha over corn after com but corn following BSR 201 had an 
advantage of approximately 1700 kg/ha. Therefore, even at the highest 
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Table 17. Treatment means for Stalk NO3" in 1989 only 
Previous Crop Stalk NO3-
(g/kg) 
1 1.29 beds 
2 1.17 abc 
3 1.35 bed 
4 0.84 a 
5 1.20 abc 
6 1.40 bed 
7 1.27 abed 
8 1.33 bed 
9 1.05 ab 
10 1,14 abc 
1 1 1.45 bed 
12 1.20 abc 
13 1.19 abc 
14 1.31 bed 
15 1.52 cd 
16 1.13 abc 
17 1.46 bsd 
18 1.66 d 
LSD (0.05) 0.44 
^Means followed by the same letter are not significantly different at the 
5% level of significance. 
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Figure 10. Yield performance of com following com vs. com following 
BSR 201 soybean under varying N levels, average of 3 years data 
7 2  
B Corn-Corn 
0 nod sb-corn 
D BSR 210-corn 
I 
•o 
I 
1 2 0 0 0 -
10000  
8000-
6000-
4000  
2 0 0 0 -
N Level (kg/ha) 
Figure 11. Yield performance of com following com, corn after all 
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N level, the benefit was enhanced if BSR 201 was the previous crop as 
opposed to the mean of all nodulated soybeans. 
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V. DISCUSSION 
A. The Negative Effect of Com on Following Com 
The depressive effect of corn upon itself has been well 
documented (Table 1), and some of the probable reasons, such as 
differences in moisture, allelopathy, nitrogen, etc. are mentioned in the 
literature review. A crop of corn leaves allelochemicals which are toxic 
to root development of subsequent corn. Apparently, having corn as a 
previous crop results in a root system with less growth and vigor. This 
then leads to poorer absorption of nutrients and especially moisture, as 
suggested by Benson (1985) and shown by the bigger yield gaps in dry 
years (Table 13). It is also possible that the inhibitory effect of 
previous com is due to the large amount of organic carbon (and low N) 
left in the soil, which may immobilize soil ammonium N (Anderson et 
al., 1989; Kohl et al., 1980). Therefore, all of these factors could explain 
the poorer performance of corn after com. Whatever the reason for 
these yield differences, it is probable that the cause is not due to a 
single factor but to an interaction of several factors. 
B. The Oat and Soybean Benefit 
The effect of oat or soybean cannot be due to any actual input of 
nitrogen. Since corn following oat, which provided no N input, was 
better than corn following nodulated soybean then this could mean that 
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soybean does not make a net input to nitrogen nutrition for corn. A 
study in Urbana, Illinois indicated that soybean is a good scavenger for 
soil nitrogen and that soybean removes about the same quantities of 
nitrogen from the soil as com (Johnson et al., 1975). Under oat there 
would have been some mineralization of organic-N, and since the oat 
straw was not removed, no N was removed from the oat plots. The 
mineralization of N occurring under oat provided a net N benefit to the 
following corn. The similar N response of soybean to that of oat at zero 
N probably is due to the return to the soil at maturity of soybean 
vegetative N in amounts about equivalent to the N mineralized in soil 
under oat. The responses of corn to oat and nodulated soybean at zero 
N imply that both benefitted corn to the equivalent of about 60-70 
kg/ha of fertilizer N, principally by accumulation of soil N due to 
mineralization. 
The percentage increase in yield due to oat or soybean as a 
previous crop was also greater in the dry year. Since the oat was cut 
early and the residues left on the ground, it is safe to assume that more 
moisture was conserved than with corn as a previous crop. The yield 
difference for corn following soybean and corn following com was also 
greater in the dry year. This may also suggest that the soybean crop 
left a greater level of soil moisture reserve than a corn crop for the 
succeeding year. The difference in the extent of the benefit between a 
dry and a wet year could also partially explain the year by treatment 
interaction in Table 9. It may be that the year differences were a 
matter of the magnitude of the advantage instead of an actual reversal 
in effect. 
C. The BSR 201 Effect 
A comparison of the yield performance over N levels illustrates 
the considerable gain shown by corn planted after BSR 201 (Treatment 
11, Figure 12). Overall, the difference between the yield of com after 
BSR 201 and the yield of corn after the other nodulating soybean lines 
is 676 kg/ha or approximately 11 bu/A! The next highest yield was 
displayed by corn after oat (Treatment 18). This high yield of corn 
after oat may be explained by moisture supply and N mineralization as 
mentioned earlier. The effect of BSR 201, however, could not be 
attributed to its ability of conserving more nitrogen for the next corn 
crop, since the soil NOg" levels following BSR 201 were not significantly 
different from the rest of the treatments and were actually lower than 
the level for the oat plots (Table 16). Also, this advantage could not be 
due to soil moisture because the effect was consistent in 1989, a dry 
year, and 1990, a very wet year. Therefore, these two factors (nitrogen 
and moisture), which helped explain the oat effect cannot be used to 
resolve the BSR 201 effect. The reason for the improved corn 
performance following BSR compared with other soybean lines is not 
known. Perhaps the BSR 201 line has secreted more positive factors 
than the rest of the other soybean lines, and this could not be overcome 
by the addition of more nitrogen. The yield of com has also been 
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known to increase if the N source is a mixture of NH4+ and NO3". 
Perhaps, the residues of BSR 201 affect the ratio of these two N forms in 
a manner that benefits the corn more. 
Residues from BSR 201 may have caused a specific change in the 
soil microflora. Johnson et al. (1989) examined the incidence of 
vesicular arbuscular mycorrhizae (VAM) in corn-soybean rotations and 
their results indicate that distinct fungal communities develop in 
rhizospheres of corn and soybeans. BSR 201 exudates and residues may 
increase the incidence of these fungal associations, although VAM fungi 
may or may not play a role in yield responses associated with the 
rotation effect. In some way, this soybean line may have also increased 
the resistance of the following com to pests and pathogens, such as 
nematodes which have the capability to reduce corn yields by as much 
as 5 to 10 %. Another effect on subsequent corn could be enhanced root 
growth and vigor which consequently results in improved nutrient or 
moisture absorption. Therefore, BSR 201 has the ability to maintain a 
greater rotation effect than other nodulated soybean lines even under 
fertility levels considered excessive. 
7 9  
VI. SUMMARY 
The performance of the previous soybean crop was as expected; 
i.e., the high-yielders gave the highest yields and the low-yielders 
yielded low, with the non-nodulating line having the lowest yield. 
Treatments had an effect on the following com crop. Corn following 
corn plants had the lowest yield and generally had the poorest 
performance. The depressive effect of corn upon itself was 
demonstrated by a delay in silking as compared with corn after 
soybean. Com after com plants were also smaller and thinner which 
led to lower yields. 
Com after soybean or oat yielded more than corn after com at 
each N level. Generally, com in rotation with oat or soybean attained 
maximum yields with only 80 kg/ha of N. Corn after non-nod soybean 
had a very narrow yield advantage over that of corn after corn in the 
unfertilized plots. This could suggest that nodulated soybean made a 
positive N input from N2-fixation. However, at zero N, corn following 
oat and corn following nodulated soybean had a similar response. Since 
oat provided no N input to following com, then this would infer that 
nodulated soybean does not make a net input to nitrogen nutrition for 
corn. Apparently, the responses of com to oat and soybean at zero N 
imply that both benefitted com principally by accumulation of soil N 
due to mineralization. 
Corn planted after BSR 201 gave significantly greater yields than 
corn after other soybean varieties. The other nodulated soybean lines 
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did not show any differences in their rotational benefits to the following 
com. Com after BSR 201 showed a substantial positive rotational 
benefit even at the highest N level. The other nodulated varieties of 
soybean provided a rotational benefit to com, but the benefit became 
less at the higher N fertilization levels. Overall, BSR 201 soybean 
benefitted corn on average 676 kg/ha or 11 bu/A more than other 
soybean varieties. This rotational benefit of BSR 201 cannot be 
attributed to moisture since this response was consistent for 1989 (a 
dry year) and 1990 ( a very wet year). The exact reason for this is 
unknown and still subject to speculation. 
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